To solve this problem we constructed a multigain amplifier with four ranges, each differing by a factor of 10. Special care was required in the basic design, grounding, and shielding of these amplifiers, for we required sensitivities less than a nanoampere in the presence of megawatt rf power systems. The circuit diagram and the grounding and shielding block diagrams are shown in Fig. 
monitors. The best tune is often one that does not have the beam centroids along the machine axis. Apparently steering keeps tails or small secondary beams from hitting the linac apertures. These undesirable tails often are 0.1% or less of the total beam. In principle, these tails can be observed in profile measurements made using a wire scanner, which passes a wire across the beam and amplifies the secondary electron current created by the beam striking the wire. The observation of these small tails was complicated because the LAMPF control and analog data acquisition system (ADS) uses a 12-bit computer. The resulting resolution of 1 count in 2048 is insufficient to observe beam tails with standard linear amplifiers.
To solve this problem we constructed a multigain amplifier with four ranges, each differing by a factor of 10. Special care was required in the basic design, grounding, and shielding of these amplifiers, for we required sensitivities less than a nanoampere in the presence of megawatt rf power systems. The circuit diagram and the grounding and shielding block diagrams are shown in Fig. 1 Fig. 2 . The multigain amplifier has the added convenience of being applicable over a wide range of peak beam currents. High Resolution Longitudinal Phase Profiles As higher peak and average currents are accelerated at LAMPF, the longitudinal tuning becomes more critical for maintaining minimal spill along the linac. Observance of undesirable tails in longitudinal space is required if they are to be eliminated. Because of the difficulty of directly measuring the longitudinal emittance, we measure only the longitudinal phase profile using the phase scan method. Beam tails should be observable in these profiles. The emittance could be reconstructed using the techniques outlined below.
In the LAMPF 805-MHz linac, the phase scan method consists of sweeping the phase of the first two modules (100-125 MeV) and of recording the amount of beam that is captured and accelerated by these modules. The captured beam has sufficient energy to transverse a copper absorber and stop in a copper collector downstream. The standard procedure is to measure the collector current with an amplifier whose range is matched to the peak beam current. As the left edge of the machine acceptance is swept across the beam, the collector current increases from zero (no beam within the acceptance) to full peak beam current (all beam inside the acceptance). This collector current is the integral of the captured beam. Differentiation of the current with respect to the phase yields the phase profile or the longitudinal emittance projected onto the phase axis. This method is limited also by the 12-bit ADS system. It is impossible to use either single or multigain amplifiers to obtain high resolution at the upper end of the integral, when most of the beam is on the collector. Using a slide-back current amplifier we overcame this difficulty. A portion of the sum of the absorber and collector currents, i.e., the total peak current, is subtracted from the collector current. Using the total peak current eliminates the first-order effects of small peak-beam fluctuations. The circuit diagram of the slide-back amplifier is shown in Fig. 3 . We minimize the current difference and measure it with our multigain amplifier. The improved sensitivity thus gained is a factor 250 over that of the standard method; the sensitivity is 0.01 laA when the peak current is 5 mA. With this approach we detect both leading and trailing tails of the phase profile. A phase profile with a resolution of better than 1 part in 103 is shown in Fig. 4 beam. We used extrapolation techniques2 to determine the 100% value of the beam.
Results and Discussion
Methods (1) and (2) were compared by considering errors caused by angular resolution;3 finite slit size;4 number of samples;3 possible collector construction related effects, e.g., accumulation of charge on the backing plate insulator and communication between strips on the collector by the secondary emission electrons around the collector; and spacecharge effects5 on the transmitted strip of beam.
For method (1), the total emittance from raw data was consistently greater than that of method (2) (1) where Et, at, yt, at are the true total emittance and ellipse parameters in the C.S. notation, b is the slit width (0.0635 cm), and L is the distance between the slit and the detector. Because of the large value of L (485 cm) in method (2) the difference between Em and Et is negligible. With removal of this error in method (1) total emittance plots using all three methods were in excellent agreement. We conclude that the collector construction effects are negligible. In addition, the agreement between the first two methods and the third indicates that the neutralization of the beam by back-streaming secondary emission electrons from the slit is also negligible. Neutralization effects have been observed elsewhere6 but with significantly higher intensity and lower energy (750 keV) beams.
Methods (1) (corrected) and (3) were compared to method (2) by calculating AR/R,4 the relative residual betatron oscillation for each method; to compare the shape factors, a and $, see Fig. 6 . The true ellipse parameters a, 8 were assumed equal to those in method (2) . For purposes of beam matching, a 0.1 value for AR/R is considered very good. The small but significant disagreement between the results of methods (2) and (3) This method uses a multigain amplifier whose gain range is computer selected to optimally use the 12-bit analog data system. A method to measure longitudinal phase profiles over a range in excess of three orders of magnitude was also presented; it uses a slide-back amplifier and the multigain amplifier. Emittance measurements of a 100-MeV, 5-mA peak current beam were examined using standard slit and collector techniques and a reconstruction method based on three profiles. The only significant source of error was the finite slit size. The advantages of the reconstruction method were developed; the principal advantage was the ability to measure the emittance of beams with highaverage currents .
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